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INTRODUCTION
Longleafpine(Pinuspaluszri.r)oncedominatedthe overstoryof awide rangeof southernplain communities
includingwet flatwoodsandsavannasof theAtlantic and Gulf coastalplainsto higher,droughtysand
depositssuchas the fall line sandhillsand thecentralridge of Florida.it wasalsothe dominantoverstorytree
on the lowerrolling sandhillsof lowerMississippi,centralLouisiaria, arid eastTexas.Longleafpineeven
extendedOnto themountainslopesand ridgesof AlabamaandnorthwestGeorgia,whereit wasfound
growingat eleva~.ionsup to 600 in. Frequentlow intensityfires favoredlongleafoverotherpines,becauseit
hasseedlingsbetteradaptedto surviving suchfires.Theseperiodicfires,every2 to 8 years,afsoshapedthe
restof thecommunity,keepingwoody shrubsin checkwhile promotingthegrowth of grassesand forbs.

STAND LEVEL DISTURBANCE
Althoughfire is a primary driving forcein longleafpineecosystems,it is not theonly disturbancethat
impactstheir structureandcomposition.A goodportionof the longleafrangelies within 100 milesof the
coast.Thus, standshavea ratherhighprobability of beingimpactedby a significanthurricaneat leastonce
every 100 years(1-looperandMcAdie 1996). During stronghurricaneslike Hugo,which hit SouthCarolina
in 1989, thetallestandlargesttreesreceivethe mostdamageandareusuallyuprootedor brokenoft’ (Hook
and others1996).Thisleavesbehindthe less severelydamagedmidstorytrees.This scenariocreatesa sortof
naturalclear-cutof theoverstorywith a relativelyeven-sizedsaplingand seedlingstandremaining.Prior to
settlement,thetremendousfuel loadingswould havegreatly increasedthe probabilityof severewildfires
following thesehurricanes.With or without suchfires, the netresultwas an openareathatcould beoccupied
with longleafpine regenerationeitherfrom existing individualsorby establishmentfrom seedsshedby trees
which escapedthe fires. Theeven-agedmanagementsystem,longusedfor longleafpine,mimicsthese
naturaldisturbanceandregenerationpatterns.

I3ecauseof the numerousthunderstormsthat occurin theSouth,tornadoesare alsoprevalentwithin the
longleafrange.In SouthCarolinafor example,thereare about10 tornadosper year (Purvis1990).Themost
destructiveare those,which remainon thegroundfor manymiles. Tornadoesleavea pathof brokenand
twisteddeadoverstorytrees.Like severehurricanes,this createsanopenareathat iscapturedby pre-existing
longleafseedlingsor colonizedby newseedlingsfrom seedshedby adjoiningtrees.This resultsin a
relatively evensized,althoughnot entirelyeven-aged,standof longleafpine.

SMALL SCALE DISTURBANCE
The importanceof lightning as an ignition sourcefor thefire driven longleafpineecosystemis widely
recognized.Lightningalsoimpactsthissystemon a smallerscalebycausingindividual free mortality. Otien
smallgroupsof 2 to4 treesare killed, creatingsmallgapsin thelongleafcanopy.Gapsarealso created
throughthecumulativeeffectof individual treemortality overmultiple stormsandyears.Thunderstorm
activity, and thereforelightning strikes,varieswith location acrossthesouth.I followed lightningactivity for
4 yearsin longleafstands-ontheDepartmentof Energy’sSavannahRiver Sitelocatedin westcentralSouth
Carolina.A total of eight standsat threelocationscontaining255 ha weremonitoredfor lightning mortality.
Lightning directly or indirectlykilled I rree~6ha/year.A similarstudyon theOcalaNationalForestin central
Florida, the lightningcapitalof the world,haddoubletherateat I tree/3ha/year.Overa 100-yearperiod,
lightning mortality would remove5% of the overstoryin the SouthCarolinastandsand12.5%of the
overstoryin theFloridastands. Thisresearchalso showedthat it selectivelyremovesthe largesttreesin the
stand.

On sandhillssites,like theOcalaNationalForest,longleafpine regenerationis concentratedin these
lightning createdgaps.Regeneration,however,is notuniform acrossgaps.BrockwayandOutcalt (1998)
showedseedlingdensitywasmuchhigher in thecenterof thegapswith a significant increasebeyondI 2m
from thegapedge,wherethe gapedgewasdefinedas thebole of treessurroundingthe gapratherthan the
crown drip line. Thisdistribution of seedlingswas negativelycorrelatedwith fine root andforestfloor
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biornass.In subsequentresearch,on the OcalaNationalForest,I looked at naturalseedlingestabhshmentand
survivalacrossgapswith diametersof 30 to 40m.Seedlingestablishmentwasuniform from theedgeto the
centerof gaps.Survival, however,was significantly lower for seedlingslessthan 4mfromtheedge,i.e.
underthecrownsof edgetrees.This wascorrelatedwith rainfall distributionwithin thegaps.Thefirst
prescribedburn at the endof thesecondgrowing seasonreducedsurvival at all locationsto lessthan 5%.A
secondfire, 3 yearslater, furtherreducedseedlingsurvival and eliminateddifferencesbetweenlocations.

In anotherstudyin thesamelongleafgaps,I establishedcontainerizedseedlingsat 1, 4, 8, 12,and16 meters
from gapedges.At eachlocation,seedlingswereplantedin a-controlpatchand insideroot control-rines-0Sm
in diameterand20cmwide installedso the topwas at the soil surface.Meansurvival washigherfor
seedlingsplantedin rings that reducedrootcompetition.Theeffect disappearedbeyond12mandfrom there
to thecenterof thegap,reducingroot competitionhadno effecton survival.Thiscorrespondedto the
distancewherefine root bioinassdeclinedin thestudyby BrockwayandOutcalt (1998).A prescribedfire 2
yearsafterplantingreducedseedlingsurvival at all locations,butthereductionwasgreatestunderthecrowns
of edgetrees.Withreducedroot competition,survivalof longleafseedlingsafter5 years,with aprescribed
fire at age2, wasjustasgoodat 4musin thecenterof gaps.

Thus,a numberof interactingfactorscausethedistinctivedistribution of longleafseedlingsandsaplingsin
gapsof droughtysandhillssites.Thereis a zonefrom 0 to 4 or Smon thegapedgewhereseedling
establishmentis~equalto that foundthroughoutthegap,but first yearsurvival is lower. Thisis causedby
interceptionof rainfall by treecrownsandlikely poorermoistureholdingcapacityof thethickerforestfloor.
Thereexistsa secondzonethat spansthe areafrom 0 to 12mwherefine rootcompetition,likely for moisture,
reducessurvivalof olderseedlings.Thefrequentfire thatocctirsin longleafstandsalsointeractswith
differencesacrossthegaps.Seedlingsin the0 to 4mzonearemoresusceptibletofire mortalitybecausethe
fuel loadsaregreatestunderthecrownsof theedgetrees.They arealso moresusceptible,asare theseedlings
in the 4 to I 2m zone,becauseroot competitionreducesgrowth rates.Thismeansit takeslongerfor the
seedlingsto reacha root collardiameterwheretheyarelikely to survivefire. Thus,evenif a seedlingin the0
to I 2m zonedoessurvive thedroughtyconditions,it will likely bekilled byfire becauseof its slowrateof
growth.Beyondthis I 2mexclusionaryzone is thecentralareaof thegapwhereseedlingshavea higher
probabilityof survival.

CONCLUSiONS
Climatic causeddisturbancessignificantly impact longleafpinecommunitieschangingstandstructureand
providingopensitesfor regeneration.Severehurricanesoperateatthe landscapescalecreatinga typeof
naturalclear-cutby removal of mostof thelargeoverstorytrees.Tornadoes,which usuallyoperateat the
partial standscale,alsocreateopenconditionswhereregenerationcanoccur.Even-agedmanagementof
longleafpine mimics thesenaturaldisturbanceandregenerationpatterns.Seed-treeandshelterwoodsystems
createconditionssimilarto less severehurricanesthat removeonly someof the overstory.Lightning strikes,
althoughthey affect lessareain a stand,arecontinuouslyimpactinglongleafstandscreatingsmall-scalegaps
of 2 to4 trees. Regenerationin the small gapsis notuniform becauseof variationin precipitation,litterfall,
and root distributionand their interactionwith frequentfire. Managersusingtheselectionsystemshouldbe
awareof this,andcreategapsin dry sandhillssitesaccordingly.Theminimumsize is about0.08hectareor a
radiusof 16m. The idealsize, however,is about0.2 hectareor a gapwith a radiusof25m, becauseonegap
that sizehas27%of its areain the zonewhereseedlingsarelikely to surviveversusjust 12%for two of the
small gaps.If gapslargerthan0.2 hectaresaredesired,they shouldbe oblongin shapewith a maximum
width of SOm soseedsdo nothaveto travelmore thantwice theheightof seedtrees.
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